Rugby union is a team sport involving contact and collision of players running at fast speeds, 1 and consequently has a high injury rate. 2 Since the advent of professionalism in rugby union in October 1995 [3] [4] [5] professional players have become full-time athletes, with a greater emphasis on training for strength, speed and stamina, 6 increase in size, 5,7 speed and power, 4,5 and improvement in rugby skills. 3 Professional rugby players sustain considerably more injuries than amateur players, 3, 6, 8 probably as a result of the greater size of the players, the faster pace at which the game is played, and the greater impact forces associated with these changes. 3, 9, 10 The Super 14 (previously the Super 12) is a popular professional rugby tournament between regional sides from South Africa, New Zealand and Australia. Since the inception of this tournament, professional rugby union players have played significantly more rugby matches each year. Many elite South African players, who also play in national provincial tournament and international matches, may participate in as many as 35 matches in one season.
condition players, reduce their risk of injury, and treat and rehabilitate rugby injuries appropriately, it is important to gain a better understanding of the nature and causes of rugby injuries, in particular their association with training. 2 Therefore, the purpose of this study was to describe the incidence of injuries in a professional South African Super 12 rugby team over 3 years (2002 -2004) , and to identify any associations between injury rates and the mode and volume of training.
Methods Participants
During the off-season 40 contracted players were selected to form part of the Super 12 rugby union training squad. Twenty-two of the initial 40 players were forwards, and 18 were backline players. In February, the number of contracted players was reduced to 28 (15 forwards and 13 backline players). The injured players in this study (N=38) were all male (26±2 years of age). In accordance with similar research, 11 and due to the nature of the professional game, the individuals who comprised the squad varied over the 3 years. Ten orIgInal research arTIcle Training volume and injury incidence in a professional rugby union team abstract objective. To describe the incidence of injuries in a professional rugby team, and to identify any associations between injury rates and training volume.
Methods. This retrospective, descriptive study included all injuries diagnosed as grade 1 and above in a South African Super 12 rugby team. Injury incidence and injury rates were calculated and compared with training volume and hours of match play.
results. Thirty-eight male rugby players were injured during the study period. The total number of annual injuries decreased from 50 (2002) conclusions. One has to be cognisant of the balance between performance improvement and injury risk when designing training programmes for elite rugby players. Although the reduction in training volume was associated with a slight reduction in the number of acute injuries and in-season injury rates over the three seasons, the performance of the team changed from 3rd to 7th (2002 and 2004, respectively) . Further studies are required to determine the optimal training necessary to improve rugby performance while reducing injury rates.
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Preparation for the super 12 tournament
The off-season training cycle extended from mid-November to mid-December every year. Players then had an active rest period until the first week in January, when pre-season training began. The preseason training period entailed formalised strength and conditioning sessions, rugby training, training camps, unofficial 'friendly' matches (N=3, 2002; N=3, 2003; N=2, 2004) , and specific individualised preparation.
The Super 12 tournament consisted of 5, 3 and 4 regional teams from New Zealand, Australia and South Africa, respectively, began in mid-February, and continued until mid-May. The number of matches varied depending on how well the team fared in the tournament (N=12, 2002; N=11, 2003; N=11, 2004) . Players had approximately 2 weeks off at the end of the tournament and then participated in the national provincial tournament and/or in international test matches. Off-season musculoskeletal evaluations and medical screening assessments by the physiotherapist and the team sports physician precluded any previously diagnosed injuries and injuries sustained during other tournaments from being carried over to the analysis of the current study.
Data collection
Data were collected under the guidance of the same team physiotherapist and strength and conditioning trainer for the duration of the study. All injuries requiring medical attention, 12,13 diagnosed as grade 1 or above, were documented either directly after or within 5 days of the injury occurring, regardless of whether or not the injury resulted in the player missing training or not playing in a match. 11 A grade 1 injury was defined as one in which there was pain, with minimal loss of muscle function or strength. 14 We are cognisant of the consensus document on injury definitions published in 2007. 12 However, as our study was conducted before the consensus paper was published, the definition of injuries in our study was slightly different. An examination of the consensus definition suggests that the definition used in this study may slightly over-estimate the occurrence of an injury compared with the consensus definition.
Injury rates
Injury rates were determined using previously described methods and expressed as the number of injuries sustained per 1 000 hours at risk. 2, [11] [12] [13] [15] [16] [17] Match injury rates were calculated on the premise that there were only 15 player positions on the field, 18 regardless of any substitutions made during the game. Match injury rates were computed under the assumption that rugby union matches last on average 80 minutes (1.33 hours) per game. 9, 11, 18, 19 Training injury rates were reported as a function of total training exposure time. 13 • Match injury exposure (MIE) was determined by the number of games played during the specified seasonal cycle: MIE = hours of play (1.33) x no. of players on the field (15) x no. of matches played.
• Match injury rates were then calculated:
Match injury rates = (no. of injuries during matches/MIE) x 1 000. 
. The total number of injuries and injury rates incurred over a 3-year time period in a Super 12 Rugby Union team. (A) Total number of injuries incurred over the 3 years; (B) total injury rates over the 3 years, combining match and training injury rates; (C) in-season match injury rates; (D) overall match injury rates combining pre-and in-season rates; (E) training injury rates over the 3 years.
• Training injury rates were then calculated:
Training injury rates = (no. of injuries during training/TIE) x 1 000.
• Subsequently total injury rate was determined as the number of injuries sustained in a seasonal cycle:
Total injury rates = (no. of injuries sustained/(MIE+TIE)) x 1 000.
These were determined for both pre-season and in-season periods.
statistical analysis
Basic descriptive statistics were used to explain the accumulated injury and training data over the 3 years. The 95% confidence intervals (CIs) for the injury incidence data were calculated using an exact binomial distribution. Differences in the incidence of injuries between categories for the three seasons were assessed using a chi-square analysis for trend ( χ 2 ). Additionally, year-by-year comparisons between data were done using a 2 x 2 contingency table chi-square analysis applying Yates' continuity correction. Statistical significance was accepted when p<0.05. 18 (2004) . Although this increase was not statistically significant ( χ 2 =0.63, p=0.43), it is clinically relevant as it is known that recurrent injuries are frequently under-reported within a season by nature of their definition. 13 Table II and Figs 1 and 2 specify the overall training exposure and injury rates within the Super 12 team over the 3 years. Table II shows that the number of match injuries sustained during the Super 12 season decreased from 38 (2002) to 27 (2003) and 30 (2004) . While there was a tendency for a reduction in in-season match injury rates ( χ 2 =3.44, p=0.06), the overall match injury rates remained relatively unchanged over the 3 years ( χ 2 =0.31, p=0.58). In the pre-season phase, Table II shows an increase in the number of hours trained per match over the 3 years. However, this may be misleading because in 2004 the team played one less pre-season 'friendly' match. If they had played the same number of pre-season 'friendly' matches in 2004, the training hours per match would have been 23.7 instead of 35.6. Table II also 
results

Injury incidence
Training analysis over the 3 years
Seventy-four per cent of all injuries sustained over the 3 years occurred in a rugby match while 21% were related to rugby practice. Very few injuries were related to gym, rugby fitness conditioning or other causes. It is however prudent for the development of appropriate injury prevention strategies in rugby union to analyse the training patterns utilised in this study, as much more time is spent training for rugby than playing rugby. 15 Table I shows the breakdown of time spent within the various training cycles over the 3 years. Off-season training time remained similar. However, it is evident that pre-season training volume increased slightly in 2003 (56.2 -63.8 hours), and then decreased by 37% in 2004 to 40.5 hours (Fig. 2C) . Although not significant ( χ 2 =2. 14, p=0.14) , this reduction has practical importance and is reflected in the combined preparatory training cycle (91.8 -71.2 hours) ( χ 2 =1.12, p=0.29). A noticeable 27% decrease in in-season training volume ( χ 2 =1.97, p=0.16) was observed between 2002 and 2003 ( Fig. 2B ) and this reduction was maintained in 2004. If one compares the overall time spent on training, it is clear ( Fig. 2A ) that there was a noticeable trend towards a reduction in training volume over the 3 years ( χ 2 =3.06, p=0.08). Table III shows the breakdown of the training data collected over the 3-year study period. Rugby conditioning or fitness training contributed to 8% of the total training time over the 3 years and formed 23%, 12% and 2% of the off-, pre-and in-season phases, respectively. Conditioning was defined as any form of rugby fitness training such as anaerobic intervals, aerobic training, fuel mix conditioning, and speed and agility training, 15, 16 
Discussion
Injury incidence
The first finding from this study was that the number of total injuries (Fig. 1A) and number of new injuries (Table I) , albeit not significant, gradually decreased over the 3 years. However, when comparing the total (Fig. 1B ) and match injury rates (Fig. 1D ) this downward trend was not evident (Table II) . Match injury rates tended to decrease between 2002 and 2003, but increased again in 2004. As match injuries contributed to most injuries sustained during the season, the same pattern reflected in the overall injury rates (Table II) . The lower injury rate in 2003 coincided with a sizeable reduction in in-season training volume. The medical and coaching staff then reduced the pre-season training volume in 2004, which corresponded to match and total injury rates over the season, returning to levels similar to those of 2002. It would appear that training reductions had a tendency to lower the in-season match (p=0.06) and in-season total (p=0.09) injury rates over the 3 years, albeit not significantly, with the most prominent reduction between 2002 and 2003. Total preseason injury rates and the number of recurrent injuries show the opposite trend, for which there were two possible reasons. Firstly, newly contracted players from other unions may have been brought into the squad with pre-existing or unrehabilitated injuries. Secondly, the rest period between the previous tournament and the start of the new season did not always allow sufficient time to rest, recover and completely rehabilitate with regard to injuries. The only major change in training between 2003 and 2004 was the reduction in pre-season training volume (Table I) .
It has previously been suggested that training volume may significantly affect injury rates over a competitive season. 11, 20 The overall number of hours spent training during the pre-season is significantly higher than that during the in-season, 15 and pre-season training contributes to approximately 38% of all training injuries. 17 A previous study showed that the likelihood of injuries in rugby league increased with increasing pre-season training loads. 20 However, when the authors examined the early and late competition phases in the same team, increases in training load showed no further 
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Fig. 2. Training volumes over the 3-year period studied. (A) Total training volumes over the 3-year period expressed in hours, combining off-, pre-and in-season training; (B) total in-season training volumes; (C) total pre-season training volumes.
increases in injury incidence. 20 Another study using rugby league players showed a 10 -16% reduction in pre-season training to be effective in reducing injury rates by 40 -50%, without compromising fitness. 21 However, reductions in pre-season training may not necessarily reduce the risk of ensuing injury. 8 Other research has shown that strenuous physical activity of 5 -39 hours per week has a protective effect against injury but pre-season exposure of greater than 39 hours a week was associated with a greater risk of injury. 9 During the pre-season, there are both higher training loads and a greater emphasis on tackling and defensive drills, thereby increasing contact exposure. It is therefore inevitable that injuries will result from the pre-season training. 20 Although there is evidence to support reducing the pre-season training load in rugby league, 21 the data from the current rugby union study question the effectiveness of reducing the pre-season training load too much. Appropriate preseason conditioning is necessary to prepare collision sport athletes for the physiological and musculoskeletal demands of competition. 20 Based on the current data, it appears as if the reduction in in-season training volume alone may be more effective in lowering injury rates over a competitive season. Although not significant, the noticeable reduction in in-season match injury rates (2002 -2003) and in-season total injury rates (2002 -2004) provides moderate support for this conclusion. Nonetheless, with the reduction in overall training load over the 3 years, there was no statistically significant improvement in either the number of injuries or the overall injury rates. In addition, it should be noted that the team studied here ended 3rd, 9th, and 7th in the Super 12 tournament during 2002, 2003 and 2004, respectively. This raises questions around the effect it may have on the overall performance of the team. The team had most injuries when they ended 3rd and least injuries when they ended 9th in the tournament. It is currently a challenge for strength and conditioning specialists to establish the optimum balance between training volume and intensity to effectively reduce injuries without compromising the necessary improvements in physical fitness and performance. 20, 21 
Training effects
Although the incidence of injury during training is far less than during matches, one cannot negate the possible effect of rugby training as a cause of injury. 15 Unlike during the match situation, one can to a large extent control what happens during training. 17 Because of the physical nature of rugby, training sessions require adequate intensity to optimally develop the fitness parameters required to compete effectively. 21 The effects of so-called 'match fitness' drills that encompass rugby-specific training, such as physical impact drills, have not been sufficiently researched. Game-specific drills incorporating elements of contact such as rucks and mauls have the highest risk of injury. 15 Further study is required to ascertain the level and progression of match fitness conditioning necessary to adequately prepare players for rugby matches and reduce the risk of injury.
conclusion
This study showed that a reduction in in-season and overall training volume was associated with a slight reduction in the number of acute injuries and in-season injury rates over the three seasons. The prevention strategies, however, had minimal effect on overall match, training and total injury rates and the performance of the Super 12 rugby team as defined by their position on the log, which tended to decline. One has to be cognisant of the fine balance between performance improvement and the risk of injury when designing training programmes for elite rugby players. 15 Further studies are required to determine how much training is optimal to maintain or increase rugby performance while effectively reducing injury rates. 20, 21 references
